Juvenile dermatomyositis (DM) affects approximately 2--3 children/million/year, and although rare, is the most common childhood form of idiopathic inflammatory myopathy [1](#art39200-bib-0001){ref-type="ref"}, [2](#art39200-bib-0002){ref-type="ref"}. Scoring tools have been developed to assess disease activity and damage in juvenile DM in a standardized manner [3](#art39200-bib-0003){ref-type="ref"}, to assist in the conduct of clinical trials and allow comparisons between different cohorts. The Pediatric Rheumatology International Trials Organisation (PRINTO) recently analyzed these activity measures and defined thresholds for classification of clinically inactive disease [4](#art39200-bib-0004){ref-type="ref"}. Disease was considered clinically inactive if the patient met at least 3 of 4 criteria, i.e., creatine kinase (CK) level ≤150 units/liter, Childhood Myositis Assessment Scale (CMAS) score [5](#art39200-bib-0005){ref-type="ref"} ≥48, Manual Muscle Testing in 8 muscles (MMT‐8) score [6](#art39200-bib-0006){ref-type="ref"} ≥78, and physician\'s global assessment of overall disease activity (PGA) ≤0.2.

These criteria are currently weighted toward muscle disease. Although muscle symptoms are the main focus of monitoring and treatment in juvenile DM, it is important that skin inflammation is not neglected. Skin disease is often resistant to treatment and may be associated with poor long‐term outcomes such as calcinosis [7](#art39200-bib-0007){ref-type="ref"}, [8](#art39200-bib-0008){ref-type="ref"}, poor quality of life, and reduced physical function [9](#art39200-bib-0009){ref-type="ref"}, [10](#art39200-bib-0010){ref-type="ref"}. Therefore, we propose that skin disease should be represented in any definition of clinically inactive disease. At present, a patient with juvenile DM must meet only 3 of 4 criteria to be classified as having clinically inactive disease. Therefore, if all 3 muscle criteria are met, the PGA may be disregarded. This poses the potential risk that disease activity in the skin or other organs will be ignored. The purpose of this study was to apply the PRINTO criteria for clinically inactive disease to a UK cohort of patients with juvenile DM and test the hypothesis that in clinical practice, there may be alternative definitions that would improve the performance of the criteria.

PATIENTS AND METHODS {#art39200-sec-0006}
====================

Patients {#art39200-sec-0007}
--------

The study population consisted of patients from the UK Juvenile Dermatomyositis Cohort and Biomarker Study [11](#art39200-bib-0011){ref-type="ref"}; 1,114 discrete visits involving 258 patients were analyzed. Written informed consent was obtained from the legal guardians of all patients. All patients met the Bohan and Peter criteria for diagnosis of juvenile DM [12](#art39200-bib-0012){ref-type="ref"}, [13](#art39200-bib-0013){ref-type="ref"}; 74.6% were female and 80.9% were white. The mean ± SD age at the time of the visit assessed for the present study was 11.9 ± 3.6 years. The mean age at diagnosis was 6.7 ± 3.4 years, and the mean disease duration was 4.4 ± 3.1 years.

Data collection {#art39200-sec-0008}
---------------

Patient clinical data were collected at the time of recruitment and then prospectively every 3--4 months for the first 2 years and subsequently, at least once a year. Data collected included signs and symptoms and disease activity measures: CMAS, MMT‐8, PGA, and laboratory tests. Data related to skin disease (rash, Gottron\'s papules, ulceration, nailfold changes, calcinosis) were retrieved for all patient visits. All data for the UK Juvenile Dermatomyositis Cohort and Biomarker Study are stored in a Structured Query Language platform database with Access front‐end data retrieval. Research coordinators and principal investigators at the local study centers are listed in Appendix A.

Fifty‐nine of the patients were clinically assessed using the Disease Activity Score (DAS) for juvenile DM instrument [14](#art39200-bib-0014){ref-type="ref"}. The DAS was determined by 1 of 2 physicians (BA and RC‐M) at the time of clinical assessment of the patient. The DAS instrument consists of 6 components, resulting in a 20‐point scale, with higher scores indicating greater disease activity. It has 2 subsections, the DAS muscle score (scored 0--11) addressing functional status and the presence or absence of weakness, and the DAS skin score (scored 0--9) related to skin disease including skin involvement type, distribution, vasculitis, and Gottron\'s papules. For the purposes of the present study, the DAS instrument was applied in its entirety (score 0--20), and separated into its muscle and skin subsections.

Data analysis {#art39200-sec-0009}
-------------

Patient visits were included in the study if data on all 4 of the PRINTO criteria for clinically inactive disease [4](#art39200-bib-0004){ref-type="ref"} were available. Clinically inactive disease could be designated if all 4 criteria were met or if only 3 of the 4 were met. On this basis, patient visits were divided into groups (Table [1](#art39200-tbl-0001){ref-type="table-wrap"}).

###### 

Juvenile DM groups according to disease activity and PRINTO criteria met[a](#art39200-note-0003){ref-type="fn"}

  Group   Disease status        No. of PRINTO criteria met   PGA                     Other criteria
  ------- --------------------- ---------------------------- ----------------------- ------------------------------------
  I       Clinically inactive   4                            Met (score ≤0.2)        All met
  II      Clinically inactive   3                            Met (score ≤0.2)        Either CK or CMAS or MMT‐8 not met
  III     Clinically inactive   3                            Not met (score \>0.2)   CK, CMAS, and MMT‐8 all met
  IV      Active                0 or 1                       NA                      NA

PRINTO criteria = Pediatric Rheumatology International Trials Organisation criteria for clinically inactive juvenile dermatomyositis (DM); PGA = physician\'s global assessment of overall disease activity; CK = creatine kinase; CMAS = Childhood Myositis Assessment Scale; MMT‐8 = Manual Muscle Testing in 8 muscles; NA = not applicable.

Statistical analysis {#art39200-sec-0010}
--------------------

Normally distributed continuous variables were reported as the mean ± SD, and non‐normally distributed continuous variables as the median and range. Categorical data were analyzed by chi‐square test. One‐way analysis of variance (ANOVA) with Tukey\'s correction for multiple testing was used to test the significance of differences in DAS scores between groups. *P* values less than 0.05 were considered significant.

Using diagnostic statistics, we compared the performance of the original criteria against "P‐CID," an alternative definition of clinically inactive disease in which PGA is regarded as an essential criterion together with either 2 of the 3 muscle criteria. From the original cohort of 1,114 patient visits, both definitions of clinically inactive disease were tested using a reference group of patient visits: those occurring within 4 months of diagnosis and with the patient receiving medication (active), and those occurring when the patient had not received any medication for ≥6 months (inactive, or clinical remission as defined by the International Myositis Assessment and Clinical Studies Group consensus guidelines \[15\]). The time frame of 4 months from diagnosis was used based on our assumption that these patients would have active disease. In order to demonstrate whether P‐CID would improve the performance of the criteria for clinically inactive disease, separate analyses including sensitivity, specificity, positive and negative predictive values, and positive and negative likelihood ratios (with corresponding 95% confidence intervals) were performed.

Data were stored in a central Access database and analyzed with Excel. GraphPad Prism version 5.00 for Windows was used for statistical analyses.

RESULTS {#art39200-sec-0011}
=======

Among our cohort of 1,114 visits in 258 patients with juvenile DM, the criteria for clinically inactive disease were met at 665 visits (59.7%) (Figure [1](#art39200-fig-0001){ref-type="fig"}). All 4 of the criteria were met at 254 (38.2%) of these 665 visits (in 119 patients) (group I), while 3 of the 4 criteria were met at the remaining 411 visits (61.8%) (in 165 patients). Of the visits at which only 3 of the criteria were met, the PGA was ≤0.2 in 104 (group II), while at the remaining 307, disease was clinically inactive based on the 3 muscle criteria, but the PGA was \>0.2 (group III).

![Flow chart of 1,114 visits among 258 patients from the UK Juvenile Dermatomyositis Cohort and Biomarker Study, according to the Pediatric Rheumatology International Trials Organisation (PRINTO) criteria for clinically inactive disease. PGA = physician\'s global assessment of overall disease activity; CK = creatine kinase; CMAS = Childhood Myositis Assessment Scale; MMT‐8 = Manual Muscle Testing in 8 muscles.](ART-67-2495-g001){#art39200-fig-0001}

To test if each of the criteria were equally redundant, the 411 visits were divided based on which of the criteria for clinically inactive disease was not met. The median CK value in the group with CK \>150 units/liter was 206 units/liter (Figure [2](#art39200-fig-0002){ref-type="fig"}A), and values were \<400 units/liter in the majority of outliers (range 152--650). CMAS scores in the group not meeting the CMAS threshold were clustered about a median value of 45, although values of 28 and 34 were noted in the case of 2 outliers (Figure [2](#art39200-fig-0002){ref-type="fig"}B). For patient visits not meeting the MMT‐8 threshold, scores were clustered close to 78 (median 73 \[range 71--77\]) (Figure [2](#art39200-fig-0002){ref-type="fig"}C). However, for PGA, unlike the findings for CK, CMAS, and MMT‐8, it was striking that the distribution of scores when the PGA was \>0.2 spanned the entire spectrum, from 0.3 to 8.5 (median 1.0) (Figure [2](#art39200-fig-0002){ref-type="fig"}D).

![Analysis of disease activity and laboratory results in the 411 patient visits at which 3 of the 4 criteria for clinically inactive disease were met. Each panel shows data analyzed when 1 of the 4 criteria was not met (i.e., CK in **A,** CMAS in **B,** MMT‐8 in **C,** and PGA in **D**). Each symbol represents an individual visit; horizontal lines show the median. See Figure 1 for definitions.](ART-67-2495-g003){#art39200-fig-0002}

Frequency of skin disease {#art39200-sec-0012}
-------------------------

In clinical practice, the most common reason for ongoing juvenile DM disease activity in the setting of normal muscle results is skin inflammation. To address this, the frequency of skin signs was analyzed according to which of the specific criteria for clinically inactive disease were met (Table [2](#art39200-tbl-0002){ref-type="table-wrap"}). It is generally thought by clinicians that a PGA score of \>1.0 represents active disease. Of the visits in group III, the PGA was \>1.0 in 44% despite all of the muscle‐related criteria being met, suggesting the presence of ongoing disease activity that did not involve muscles.

###### 

Frequency of skin signs in patients with juvenile DM meeting the PRINTO criteria for clinically inactive disease[a](#art39200-note-0004){ref-type="fn"}

                                         Rash               Gottron\'s papules   Ulceration     Nailfold changes   Calcinosis
  -------------------------------------- ------------------ -------------------- -------------- ------------------ ----------------
  Group I (254 visits, 118 patients)     76 (29.9)          32 (12.6)            1 (0.4)        28 (11.0)          19 (7.5)
  Group II (104 visits, 70 patients)     24 (23.1)          11 (10.6)            1 (1.0)        9 (8.7)            6 (5.8)
  Group III (307 visits, 131 patients)   202 (65.8)         123 (40.1)           9 (2.9)        108 (35.2)         60 (19.5)
  Group IV (208 visits, 127 patients)    159 (76.4)         117 (56.3)           26 (12.5)      100 (48.1)         36 (17.3)
  χ^2^ (*P*)                                                                                                       
  Group I vs. group II                   1.71 (NS)          0.29 (NS)            0.43 (NS)      0.45 (NS)          0.33 (NS)
  Group I vs. group III                  71.57 (\<0.0001)   52.44 (\<0.0001)     5.11 (0.024)   44.16 (\<0.0001)   16.72 (0.0009)
  Group II vs. group III                 57.28 (\<0.0001)   30.74 (\<0.0001)     1.27 (NS)      26.84 (\<0.0001)   10.93 (0.0009)

See Table [1](#art39200-tbl-0001){ref-type="table-wrap"} for description of groups I, II, III, and IV. Values are the number (%) of visits. NS = not significant (see Table [1](#art39200-tbl-0001){ref-type="table-wrap"} for other definitions).

In group I (meeting all 4 of the criteria), skin signs were still present, with rash observed in almost 30% and nailfold abnormalities in 11% of the visits. Group II had no significant differences in skin abnormalities when compared to group I. In group III, the frequencies of skin signs were much higher and the data closely paralleled results in group IV. In group III (the PGA criterion not met), the frequency of skin signs (except for ulceration) was significantly increased compared to group II (for rash, χ^2^ = 57.28, *P* \< 0.0001; for Gottron\'s papules, χ^2^ = 30.74, *P* \< 0.0001; for nailfold changes, χ^2^ = 26.84, *P* \< 0.0001; for calcinosis, χ^2^ = 10.93, *P* = 0.0009). There were no significant differences in the frequency of ulceration.

Scores on the DAS for juvenile DM {#art39200-sec-0013}
---------------------------------

Our results suggested that PGA was an important criterion since it identified ongoing skin disease. To confirm this hypothesis, we used the DAS [14](#art39200-bib-0014){ref-type="ref"} to perform a detailed analysis of muscle and skin disease in 59 of the patients with juvenile DM. As expected, DAS total scores were low in group I (median 0 \[range 0--2\]) (Figure [3](#art39200-fig-0003){ref-type="fig"}A), suggesting that the combined criteria successfully excluded patients with active disease. There was no significant increase in DAS total scores when group II (median 1 \[range 0--6\]) was compared to group I (the reference group). However, the DAS total score in group III was significantly increased (median 5 \[range 2--9\]; *P* \< 0.01 by ANOVA).

![Scores according to the Disease Activity Score (DAS) for juvenile dermatomyositis in 59 patients meeting criteria for clinically inactive disease. DAS total score (**A**), DAS skin score (**B**), and DAS muscle score (**C**) in patients who met all 4 criteria for clinically inactive disease (group I), patients who met 3 of the 4 criteria, including the physician\'s global assessment (PGA) ≤0.2 criterion (group II), patients who met 3 of the 4 criteria but not including the PGA ≤0.2 criterion (group III), and patients who met 0 or 1 of the criteria (active disease \[group IV\]) are shown. Each symbol represents an individual patient; horizontal lines show the median. ∗ = *P* \< 0.05; ∗∗∗ = *P* \< 0.001.](ART-67-2495-g002){#art39200-fig-0003}

To further explore the role of PGA within the set of criteria for clinically inactive disease, we reanalyzed the above data after separating the DAS total score into its skin and muscle subsections. The DAS skin score (Figure [3](#art39200-fig-0003){ref-type="fig"}B) mirrored the DAS total score in that there were no significant differences between group I (median 0 \[range 0--2\]) and group II (median 0 \[range 0--4\]). DAS skin scores in group III (median 4 \[range 1--7\]) were significantly worse than those in groups I and II. For the DAS muscle score, in contrast, there were no significant differences in between groups I, II, and III (median 0 in all 3 groups) (Figure [3](#art39200-fig-0003){ref-type="fig"}C), confirming that there was almost no active muscle disease.

Diagnostic performance of revised criteria {#art39200-sec-0014}
------------------------------------------

The above results suggest that an increased PGA in the context of normal muscle findings identifies patients with juvenile DM who have ongoing skin inflammation. As the P‐CID appeared more stringent than the original PRINTO criteria (Table [2](#art39200-tbl-0002){ref-type="table-wrap"}), we wondered if this would reduce its diagnostic utility. We thus compared the performance of the original criteria against the P‐CID (i.e., with PGA ≤0.2 as an essential criterion, together with either 2 or 3 of the muscle‐related criteria). Both definitions of clinically inactive disease were tested, using the originally identified 1,114 patient visits, to create 2 reference groups: 1) active disease (defined as patients who had been diagnosed ≤4 months previously and were taking medication) (total 111 visits), and 2) inactive disease (defined as patients who had not been taking medications for ≥6 months) (total 59 visits).

We applied the PRINTO criteria to these 2 groups and classified the patient visits according to the number of criteria met. Among the 111 visits at which the disease was classified as active based on a duration of ≤4 months since diagnosis, 20 met the PRINTO criteria for clinically inactive disease. In 13 of the 20 visits, the PGA was \>0.2 (3 criteria met); at 2 visits the PGA was ≤0.2 (3 criteria met), and all 4 of the criteria were met in 5 visits. Among the 59 visits at which the disease was classified as inactive based on a period of ≥6 months since treatment, 54 met the PRINTO criteria for clinically inactive disease. At 13 of these 54 visits the PGA was \>0.2 (3 criteria); at 11 visits the PGA was ≤0.2 (3 criteria), and all 4 of the criteria were met in 30 visits.

Consequently, we calculated sensitivity, specificity, positive and negative predictive values, and positive and negative likelihood ratios based on the current PRINTO criteria and the P‐CID (Table [3](#art39200-tbl-0003){ref-type="table-wrap"}). Compared to the current criteria, the use of the P‐CID led to an improvement in the positive predictive value (85.4% versus 72.9%) and positive likelihood ratio (11.0 versus 5.1), without an appreciable deterioration in the negative predictive value or negative likelihood ratio. Specificity also increased, to 93.7% (compared to 81.9% with the current criteria); however, sensitivity of the P‐CID was lower than that of the current criteria (69.5% versus 91.5%).

###### 

Performance characteristics of the current (PRINTO) and revised criteria for clinically inactive juvenile DM[a](#art39200-note-0005){ref-type="fn"}

                   Current criteria   95% CI       Alternative definition of clinically inactive disease (P‐CID)   95% CI
  ---------------- ------------------ ------------ --------------------------------------------------------------- ------------
  Sensitivity, %   91.5               80.5--96.8   69.5                                                            56.0--80.5
  Specificity, %   81.9               73.3--88.3   93.7                                                            87.0--97.2
  PPV, %           72.9               61.1--82.3   85.4                                                            71.6--93.5
  NPV, %           94.8               87.7--98.0   85.2                                                            77.4--90.8
  PLR              5.1                3.4--7.6     11.0                                                            5.3--23.0
  NLR              0.1                0.04--0.2    0.3                                                             0.2--0.5

95% CI = 95% confidence interval; PPV = positive predictive value; NPV = negative predictive value; PLR = positive likelihood ratio; NLR = negative likelihood ratio; P‐CID = clinically inactive disease when the PGA criterion is met (see Table [1](#art39200-tbl-0001){ref-type="table-wrap"} for other definitions).

DISCUSSION {#art39200-sec-0015}
==========

Many patients with juvenile DM have prolonged disease courses and require long‐term treatment. It is therefore important to be able to accurately define clinically inactive disease in order to aid in assessment of their condition and guide treatment decisions. To this end, PRINTO has proposed a set of criteria for clinically inactive disease in juvenile DM, which are based on disease activity measures that are in routine clinical use. In the present study we formally tested these criteria in a large independent cohort of patients with juvenile DM and investigated whether they performed adequately in a real‐world clinical setting.

Based on the PRINTO criteria, the definition of clinically inactive disease was met at nearly 60% of our patient visits. As 3 of the 4 PRINTO measures are specific to muscle disease, we wondered if there was redundancy between these items. Indeed, we found that omission of 1 of the 3 muscle criteria had little impact on the disease activity scores in that domain. In contrast, during visits at which patients met the 3 muscle criteria but not the PGA criterion, PGA scores were increased, despite normal muscle findings. Our results identified a subset of patients, with high PGA scores but normal muscle findings, who exhibited a high frequency of skin abnormalities. We predicted that these patients had active skin disease, but as our longitudinal cohort study data could not easily distinguish between damage and active disease (e.g., atrophic Gottron\'s papules), we prospectively assessed 59 patients using the DAS for juvenile DM. In this carefully characterized patient cohort, it was clear that patients in group III had significantly higher DAS skin scores than patients in group I or II, confirming that use of muscle criteria alone failed to identify patients with active skin disease.

Although the majority of the DAS instrument specifically identifies clinical activity, a few of the skin items may detect damage (e.g., atrophic changes within the skin involvement section of the instrument and telangiectasia in the vasculitis section). However, when these items were removed from the analysis, the results were unchanged (data not shown).

Recently, investigators from Norway retrospectively analyzed an inception cohort of 59 patients with juvenile DM who had been followed up for a long period of time [16](#art39200-bib-0016){ref-type="ref"}. They found a rate of clinically inactive disease of 49%, similar to our results. Only 48% of the Norwegian patients meeting criteria for clinically inactive disease had a normal score on the Myositis Intention‐to‐Treat Activity Index (MITAX) (17), an instrument measuring disease activity in 7 distinct organ domains. However, if the skin domain was excluded from the MITAX, 87% of patients meeting criteria for clinically inactive disease had a normal score. These results are consistent with our finding that skin disease is underestimated with the use of the PRINTO criteria for clinically inactive disease.

One limitation of our study is that we did not have accurate data on disease activity in other organs. Although we show that many patients with a high PGA score in the setting of normal muscle results have active skin disease, it is possible that the elevated PGA score also relates to disease in other organs.

When compared to the existing PRINTO criteria, the use of the P‐CID improved the specificity and the positive predictive value for clinically inactive disease but reduced sensitivity, suggesting that our modification increased the stringency of the tool. In this analysis we considered visits occurring within 4 months of diagnosis to be representative of patients with clinically active disease. However, this may underestimate the specificity of tools for defining clinically inactive disease, as a small number of patients within this group had no evidence of active disease and may reflect a subset with a milder disease course or those who are early responders to treatment.

We also considered the use of the PGA and MMT‐8 alone to define clinically inactive disease, but this did not yield better results than our proposed P‐CID. However, such a 2‐item instrument warrants consideration in a further validation study examining criteria for clinically inactive disease.

We therefore propose that the existing PRINTO criteria for defining clinically inactive disease in patients with juvenile DM require modification, either with the use of the PGA as an essential criterion or by adding items that specifically measure skin disease activity. These modifications need to be tested in future studies, and should ensure that active skin disease related to juvenile DM is not overlooked in the definition of clinically inactive disease.
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